Unbiased identification of susceptibility genes might provide new insights into pathogenic mechanisms that govern complex inflammatory diseases such as multiple sclerosis. In this study we fine-mapped Eae18a, a region on rat chromosome 10 that regulates experimental autoimmune encephalomyelitis (EAE), an animal model for multiple sclerosis. We utilized two independent approaches: 1) in silico mapping based on sequence similarity between human multiple sclerosis susceptibility regions and rodent EAE quantitative trait loci and 2) linkage-mapping in an F10 (DAxPVG.1AV1) rat advanced intercrossed line. The linkage mapping defines Eae18a to 5 Mb region, which overlaps one intergenomic consensus region identified in silico. The combined approach confirms experimentally, for the first time, the accuracy of the in silico method.
INTRODUCTION
Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system. As current treatments are only partly beneficial, MS constitutes a significant health burden for individuals and the society. The development of better treatment strategies requires the specification of crucial disease mechanisms and thus a better understanding of the causes of MS. It is well established that susceptibility to MS is determined by multiple genes acting in concert with the environment (EBERS et al. 1986; EBERS et al. 1995; SADOVNICK et al. 1996; WILLER et al. 2003 ). An unbiased identification of susceptibility genes would therefore provide new insights into disease pathophysiology and facilitate the identification of suitable drug targets.
Substantial amounts of data have been generated in linkage and association studies of MS (KENEALY et al. 2003) as well as in genetic studies of the animal model, experimental autoimmune encephalomyelitis (EAE) in rats and mice (ANDERSSON and KARLSSON 2004; BECANOVIC et al. 2004; OLSSON et al. 2000) . However, apart from the HLA complex (HILLERT and OLERUP 1993; WEINSHENKER et al. 1998) , many decades of MS research have as yet failed to determine an unequivocal gene that governs disease susceptibility. Different approaches, mainly based on increasing the power and resolution and/or decreasing the heterogeneity and environmental variation, aimed to facilitate identification of genes that regulate neuroinflammation in humans and rodents. Initial attempts to combine available data in humans have been reported as meta-analyses of whole-genome linkage analyses (GAMES and THE TRANSATLANTIC MULTIPLE SCLEROSIS GENETICS COOPERATIVE 2003; THE TRANSATLANTIC MULTIPLE SCLEROSIS GENETICS COOPERATIVE 2001; WISE et al. 1999) . A second integrative approach combines data from independent studies of multiple species to identify common regions linked to or associated with different features of neuroinflammation. An example of such a region is Eae18 on rat chromosome 10q24 (DAHLMAN et al. 1999; JAGODIC et al. 2004; ROTH et al. 1999) , which shares several homologous genes with other regions on mouse chromosome 11B4 (BUTTERFIELD et al. 2000; KARLSSON et al. 2003) and human chromosome 17p13-q11 (BAN et al. 2002; CHATAWAY et al. 1998; WEBER et al. 2003) that have also been linked to and/or associated with EAE and MS, respectively.
A further development of this integrative approach is the recently reported in silico study that combines data from animal models and human studies (SERRANO-FERNÁNDEZ et al. 2004) . One may hypothesize that orthologous chromosomal regions (syntenic blocks) that appear in disease-associated loci are of particular interest since orthologous genes may be responsible for a similar phenotype. The in silico approach yields considerably narrowed intergenomic consensus regions that are linked to or associated with MS/EAE in all three species. These intergenomic consensus regions define the subregions within known quantitative trait loci (QTL) in which genes that contribute to common pathological mechanisms of neuroinflammation are likely to be identified. Nonetheless, every consensus region remains hypothetical unless confirmed by other methods as addressed in this work. Eae3, a previously described QTL for myelin-induced EAE residing on rat chromosome 10 (ROTH et al. 1999 ) that comprises Eae18a, harbors several narrow intergenomic consensus regions (SERRANO-FERNÁNDEZ et al. 2004) . This paper describes a fine-mapping of Eae18a independently by in silico mapping and by linkage analysis using the 10 th generation of a rat advanced intercross line (AIL) (DARVASI and SOLLER 1995) . consensus region on rat chromosome 10 encloses a total of 22 genes, described in the rats and mice or with a high sequence homology to genes described in humans. The reduction in size by 24% of the intergenomic consensus region (from 1.4 to 1.06 Mb) analogously affects the corresponding regions on mouse chromosome 11 and human chromosome 17. The consensus region on human chromosome 17 contains a total of 13 described genes (Table 3, Fig 2) .
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DISCUSSION
The combined effort of the two mapping approaches presented in this paper has several implications: 1) the first experimental support of the applicability and accuracy of the in silico approach; 2) it focuses on a region that regulates neuroinflammation in multiple species i.e. humans, rats and mice, thus conferring a particular relevance to that region; and 3) its refinement to 13 genes, a sufficiently small number to allow for individual analysis. A definitive confirmation of the methodology will have to wait until one of those candidates is demonstrated to be involved in the disease.
The repeated mapping of Eae18a in succeeding generations of AIL confirmed linkage to MOG-EAE in this region and refined the position of the QTL. Despite the differences in sample size and incidence of EAE in the two studies (F7 and F10), an overlapping region was identified. The improved resolution (herein reduction in QTL size) was 44% between F7 and F10. The higher resolution enables a more accurate positioning of the QTL and identifies a smaller region for focus of further studies. This is particularly important for gene-dense regions such as Eae18a, in which ~150 genes are located within a 5 Mb confidence interval. Although the use of more advanced generations could, in principle, provide an even higher resolution, the degree of improvement is not considerable. The size of QTL confidence interval decreases exponentially with the number of intercross generations, however, this decrease becomes linear after the tenth generation (DARVASI and SOLLER 1995; XIONG 1997) .
The overlap between one of the consensus regions defined from a broad Eae3 using the in silico approach, and Eae18a identified independently in the AIL, further supports that homologous regions are involved in regulation of rodent EAE and human MS. The experimental setup that led to the identification of the QTLs regulating EAE in rodents differs with respect to the selection of inbred strains and induction protocols, such as the antigen and adjuvant applied (STORCH et al. 1998) . These factors are known to influence the incidence, severity and course of the disease, as well as the histopathological features of EAE (LORENTZEN et al. 1995) . Nevertheless, a number of consensus regions have been identified to date, indicating that pathological mechanisms are shared between the most commonly used EAE models (SERRANO-FERNÁNDEZ et al. 2004 ).
In The 1.06 Mb consensus region is supported by data from five rat strains in three different crosses in rats, including the AIL reported in this study (DAHLMAN et al. 1999; ROTH et al. 1999) . This enables us to determine the allelic state of a susceptibility gene in five inbred strains, where DA/LEW-alleles are disease-predisposing whereas ACI/BN/PVG-alleles are protective. Additionally, four different inbred mouse strains (SJL/J, B10S/DvTe, B10.RIII, RIIIS/J) in two separate crosses support an effect of the homologous region on mouse chromosome 11 (BUTTERFIELD et al. 2000; KARLSSON et al. 2003) . Information from the strains supporting the linkage to this region in both species can be used to identify haplotype blocks within this region. Two independent studies have previously reported that the majority of haplotype blocks in the laboratory mouse exceed 1 Mb of length (WADE et al. 2002; WILTSHIRE et al. 2003 ) but a more recent estimation sets the average size of haplotypes to ~45 Kb (ZHANG et al. 2005) . The resolution of additional mapping depends on the actual haplotypes in the region, but interpolation of these data to the laboratory rat suggests that the 1.06 Mb region can be further constrained using haplotype block mapping. The small number of genes, however, also permits a systematic and unbiased approach to individual evaluation of all genes within this region, including investigation of genetic polymorphisms, expression analyses and functional studies, as well as studies of association with human disease.
In summary, fine-mapping in an advanced intercross line provides the first experimental evidence for utility of the in silico approach to identify and narrow down intergenomic consensus regions. The combined approaches define a 1.06 Mb region, with 13 candidate genes, that regulates neuroinflammation in humans, rats and mice
MATERIALS AND METHODS
AIL:
The AIL used in this study originated from the EAE-susceptible DA and EAEresistant PVG.1AV1 rat strains that share the RT1.AV1 MHC-haplotype, allowing identification of non-MHC genes regulating disease. The AIL was produced as previously described , with the exception that breeding was continued for three additional generations. In the F10 generation, three litters, similar in size and with approximately equal numbers of males and females, were produced for MOG-EAE experiments.
Inbred DA rats were originally obtained from the Zentralinstitut für Versuchstierzucht (Hannover, Germany) and PVG.1AV1 rats from Harlan UK Limited (Blackthorn, UK). Animals were bred and housed at the Karolinska University Hospital . A relapsing/remitting disease was defined as a disease course in which the rats had a non-zero EAE score for at least 2 consecutive days, followed by remission where scores 3 and 4 decreased to 1 or any non-zero score decreased to zero for a minimum of 2 consecutive days, followed by a relapse with an increase in score of minimum 2 points with the bout lasting a minimum of 2 days.
Monophasic disease course appeared as one bout of disease (non-zero score at least 2 consecutive days) with recovery (score 0 stable a minimum of 2 consecutive days) and no further signs of disease until day 35. Chronic disease course was defined as stable nonzero score with no remissions.
Genotyping: Genotyping of animals was performed on DNA extracted from ear/tail tip tissues according to a standard protocol (LAIRD et al. 1991) . In total 794 rats were genotyped (428 females and 366 males) corresponding to 772 clinically monitored rats and 22 additional rats for which phenotypic data could not be obtained due to death following anesthesia or too early weaning. Genotype data could not be obtained for 1 of the 772 clinically monitored rats. The region analyzed in the F10 AIL includes the Eae18a region previously linked to MOG-EAE . The ~9 Mb region delimited by markers D10Mgh24 and D10Rat195, respectively, was genotyped with 16 microsatellite markers (Proligo, France). PCR amplification was performed as previously described (JACOB et al. 1995) with [γ-33P] ATP end-labeled forward primers. The PCR products were size fractioned on 6% polyacrylamide gels and visualized by autoradiography. All genotypes were evaluated manually by two independent observers.
Linkage analysis: Linkage analysis was performed using GNU R 2.0.1 (http://www.Rproject.org) with the R/qtl package version 0. 98-57 (BROMAN et al. 2003) analysis was used to compare F7 and F10 data.
In silico fine-mapping: The in silico intergenomic fine-mapping is based on a systematic analysis of conserved syntenic blocks linked to or associated with MS/EAE in rat, mouse and human. Both methodology and references for the human, mouse and rat diseaseassociated regions have been previously reported (SERRANO-FERNÁNDEZ et al. 2005; SERRANO-FERNÁNDEZ et al. 2004) .
Starting from QTL regions for EAE in the rat genome any chromosomal stretch in the mouse genome with a high similarity was regarded as a syntenic region. Overlapping sequences and sequences separated by gaps of selectable maximum size were merged in order to avoid redundancy and to reduce complexity, respectively. Thereafter the syntenic regions were used in a corresponding way to identify consensus regions in the human genes. The gene content is reduced to 13, here listed at the right with their IDs for human gene, for the combined 1.06 Mb region that is common for the F10 confidence interval and the intergenomic consensus region. Bold text indicates genes identified and described in humans, rats and mice. Italic text indicates genes identified in humans and predicted in rats and mice by sequence homology. Bold italic text indicates genes identified in rats, mice and humans but described only in human and mice. Normal text indicates genes identified in rats, mice and humans but described in humans alone.
